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(54) METHOD FOR PRODUCING HIGH TOUGHNESS 
AND HIGH TENSILE STRENGTH STEEL FINE IN 
CRYSTAL GRAIN 

(57) Abstract 

PROBLEM TO BE SOLVED: To provide a producing 
method for high toughness and high tensile strength 
steel fine in crystal grains capable of obtaining a 
remarkable fine- grained structure. 

SOLUTION: In this producing method for high 
toughness and high tensile strength steel fine in 
crystal grains, at the time of casting a slab 
containing, by mass, 0.05 to 0.8% C, 0.01 to 0.5% 
Si, 0.5 to 5% Mn, and the balance Fe with inevitable 



impurities, cooling the same to ^600°C after 
rolling or as it is without roiling and thereafter 
performing hot rolling, reheating and the subsequent 
rolling are performed at 550°C to Ac1 point, and the 
rolling is performed for one pass in which the draft 
of one pass is controlled to «30% or for continuous 
two or more passes in which the time between the 
passes is controlled to £10 sec under the conditions 
that the strain rate is 0.1 to 200/sec, and the 
total strain quantity is 1 to 10. Preferably, in the 
hot rolling, the rolling for one or more passes 
including the final pass is performed at >Ac1 point 
to Ac1 point+30°C. 
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(54) Kiffl**] inraomfeftMnHtoMoati^i* 



(57) [£*)] 

(Ml W£tmmm*'4hZ> r. * S&flStro 

®*%T% C : 0. 0 5~0. 8%, S 
i : 0. 01-0. 5%, Mn : 0. 5~ 5 

SU EEXfcfr 3 IX ttfflfr*-* 

6 0 0"CKTCftaiLfc«. fRIBEESESrtT^lcKUT, 

«t5 2^a±-C, MiS«:0. 1~200/D», j| 
«*, Ac, ig~Ac, A+3 0T;«>aX-??T?. 
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lWfltt»*©«H] 

[1***1] mm%x\ 

C : 0. 0 5-0. 8% 
Si : 0. 0 1- 0. 5%, 
Mn : 0. 5~5% 

£^#U »«#Fe:fe±tf*TOW*tt*a»e>fc;5HF 
#«:l«ftU ffiffi*fT5*»tb<tt£E«i-5ii:<t<-t 
ro££6 0 OTC&TI-ftiPLfc^ HftP^JEi^^fT5tc^ 
L-C, SJq»fc*iXfc|*<ffitt&» 5 5 0t~Ac, & 
©S&ffiV, -£©JEJ£&, l^*£>j£T*£3 10 

0%K±t LT lv<^*fcHt^lBB*IH*l OfMSlrti: 

■j-«iWli-*2^a±-e; ^ii* :o. 1-200/ 

*i:i-5lS*tt«)t*lie*ift»tti«3R*»©«Jt*«fe 0 
IW**2] *WflUBfci8V*T; ff*HR*. 5 5 0"C 
-Ac ^©aa-CfTV\ S*M*£rgtrl'<*£JLk© 

Ac, M~Aci £+3 OlCcDSg-etTPi 

t Sr#»i-f-5l**9 1 icfBtt©£iMfc©*f|lttiC«8tt 

a^o. i~5ot:/#i:-r5rtsr#mt-rsit*9 

[f**«4] fiWJEMroW»c5fefc*ot, Ac, I 
-1 4 5 0^1^^10, £EJEfcfT5A»fcL<W:fiE«-*-3 
ri:i< j eoSio. 2 ~ 8 o "C/tytotittmSL-Q 6 o 
0lb«Tlc»ai-5iS-ft:«ai«r. *&Kff5r4:t» 

» 1 1-5»#* i ~ 3 ©v>? fi^\z^mn^ski&.<om» 

[ff**5] SRIHJEffi«9 0g>«rtfc, 0. 2-8 0 30 
t:/6>©ftipjt«-? 6 o OK^&T\&MtimirZ £ £ £ 

iSB*i«BHti653S*^©f!!it^fe 0 
[fl*«6] i»IBffiJ£«6 0 0 , C«Tt*Jfttb<H: 
0. 2-8 0 < C/»©»«it«T?!fclfilJftiJIbfc»lC, 5 

5 0t-Ac, £+3 o*c\ziBm-tz>ft&& i >imi£. s 
f> fcfr 5 r i fcWftfcl-SI*** i - 5 ©v *i» n;WwfE 
tt©«Att©tW&9mttftBAM©Si§:&&. 

IfS*97] ^JEMm3 0 O^rtli, 6 0 0°CW 
T»-^-f5C 5 5 O'C-Ac, ^+3 0tl;S 40 

*i~5 ©^-r nd^eit©i$ Att©flkHB«ici8ttKs 

[»*«8 1 ffttfifcaic^-c &«fss : 5 5 0 
-8 5 o*c, fiH$ffl«s-e©#ffl*fctti*iaaaE : 0. 
5~5ot/^ 3 0 o»artt u ^©& 

6 0 OtWTI-SWnSfcliO. 1-8 OlC/#©}ft£Pjf 
IE«©i^S^©«SiNe/j:««iM±iS31^SJ©18ii^fe„ 

[§»#Jf9] S»* 3 00t-Ac, ,S + 50 
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3 0r©»ft©«ure**5IL«\ Zbfctf 0 rir-Srl* 

^S?SttiS3S*gl©i!iit*fc 

N : 0. 0 0 2-0. 1%£, 
T i : 0. 0 0 3-0. 6%, 
Nb : 0. 0 0 3-0. 5%, 
V : 0 . 0 0 1-0. 5 % 

©l«*fctt2«£JLhfc*, Sbl^tU tJ»o, C% 
^0. 05+12X ( T i %/ 4 8+Nb/9 3% + V 

%/2 3-n%/i4) i^^mt-rsii* 

JS l - 9 ©v>TH*»»c:S«©ii*i(a©^iHB>j:iSii9ttii!3S 
**©»ift#8u 

[!»#« 1 1 ] t>K"iK «*%-C\ 
Mo : 0. 0 1 — 1%, 
N i : 0. 0 1-5%, 
C r : 0 . 0 1-3%, 
Cu : 0. 0 1-3%, 
B :0. 0001 — 0. 003% 
©l«4fcf±2«£JLk.«\ $?>tC^-f5r kZftmt 
-T5ff*« i - 1 o©^-f Ha»«;:e«©*ifttSc©<Si(B* 

[ft** 1 2 ] flfJtiJ, ff*%T\ 
REM : 0. 0 0 2-0. 1 %, 
Ca:0. 0003 — 0. 003% 
©l«*fctt2.»SLh$:, JPj^^rl-SwfcSr^at 
-f5ft#9l~l i©v^-fn*»liE«©tt*tt©«iW* 
ffitM£iftltftM©S&r*&. 

[3SH©#f|ll*WW] 
[0 00 1] 

KftStififtSA JMtK. MSI, # 

tt, Sttlc«nfci«i«9ttii53g^ffl©|!ljg*fe|cM-t-'5'b 
©-C-fc3„ 
[0 00 2] 

W»*Ssft©6nTV^. r©*4»*{c#L, ft*, ft 
«©«&#&*&# U &MStt©|$£tt©jp&ft&BI 
9, #3©3ii£, «BttSr5feH-r5fc©©ffiS*iSAs@|5l$ 
ftT^fc. ^©«Kc36rffi©«i: LTI4, l^*>0£fflWE 

T, ftMBS 63-223124 -5§-^$^#WJBg 6 3-1 
2 8 11 7-^*fci?|£jj*$ivC^3. 
[0 0 0 3] C*ie>a*ftK*$ilTV^IW»ffi8jfe-C 
li, tfc&tfjiSia©;*--.^-*-^ h (t*T, yirBSie) © 

+*©*!**>, y©we*a^i:/j:^jB«* 
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&^Ral4, v^i7-f f^lc^ffirStcfgSLT, yft 

&mtm^ ^ z o mm.-t h - h tf-zimtzfr h x-h 

)gf B «i5:Wl:1-5*-)4/45**6,nTV^ 0 #(C7 0 0 

mp asi±<D^mmTn5 nmu&nm&xrt.. mm 

[0 004] 

[&mm&:Lto k-fZ&m] *%WIZ, 7 20MP 
a^rSXv $f>ICl4 8 0 0MPa?rSx.5ii!3i^#iiC*3 

[0 0 0 5] 

«$W:7x7-f hffii^tr#5C fc«S"Cfr. 720 
MPafc«;tS£3fcW«a*lfc:*5V*-Ct>, fflfttfftftft 

(1) ©*%"?, C : 0. 0 5~0. 8%, S i : 0. 
0 1~0. 5%, Mn : 0. 5~5%4ttU JSSWS 

£fT 5 *»t b < ^ i 4 < * * 6 0 0 °C« 

*lfc*fc<£E««:, 5 5 0TC~Ac. jfiiOSa-CffV\ * 
Z<DfrM% y l/^w(ET*5r3 0%a±i:Ltl 
/^*fctt/<^BHMB*ri 0S>yrti:1-sai^-f-5 2^ 

*$k±.X, ^)IS:0. 1-2 0 O/fcK ttS* : 1 « 

±1 0JWTiJiS^#T-fT5rt^mfc-r5^ifeo 

[0006] (2) fUBffSII-fcV^T, SJDlRfe, 5 5 
±WjEj|5r> Ac, ,£jfi~Ac, ,£+ 3 0 < C©fi^-CfT 

p^i^#mt-f5MiE (i) \z&$L<r>m&®.<Dffl®te 

(3) ^Wffi@^ffiPf^lc*3^r, *-tf>#MS)i*£o. 
l~5 0TC/#t-T5- t*»*fci-4MIE (1) £fc 
14 (2) lc|Ett©igf B mro«SifiB/«cigj«H4ieiiS*9l(DSliit 

[ooo7] (4) mmi£m<Dmm^%,t~^x. a c 

3 £-1 4 5 oricjQgVU JEEjg^fi : 5^^b<l4EM 
1-5^t^<-?:W**0. 2~8 0 , C/ffr©}&SH£«-e 
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fcWftfci-sflNK (i) ~ o) <D^-ri\fa\zmm<nm 

(5) SRUBffiKft9 0S>«rtlC 0. 2~8 0t/#© 

ftiPil£-c-6 o oicerFfcBlWftSirs:: fc*W*if 
5UWE (1) - (4) ©V^i**v*>t1E«©eft*ftOtSIII 

[00 0 8] ( 6 ) SNimEjES 6 0 OtKTKMt L 
' <I40. 2-8 0t/f*©J&3^fl^MHWifcWLfc« 

Id, 5 5 0lC~Aci j£+3 0t;fciOflW-5S*Sft&« 
10 $ b^fTP r. 5 H&I2 (1) - (5) © 

(7) j?*PfljEE®&3 0 0#£lftK, 6 0 01CWTI-»*P 
tt£< 5 5 CC~Ac, £+3 OXXC&W-tZW 

*tft*aiS\ * blcfT 5 r b&W&bi-Zffi'B (l) - 

[ooo9] (8) mta&imiz&^x, vkwrnm ■. 5 

50~8 5 0t, «J$fi«* fcttftffiME : 

20 0. 5~5 OlC/#, : 3 0 0#WF*Jt -e 

©^6 0 O'CyTl-SStfrSfcttO. l~8 0t/#(Dft 
»jfitT»Mftj?i-6r.4:Sr1«f«ti-5 n tnE (6) 3=fc 
fi (7) (cfs«tio«gA«[iDlK«l«iCfittffiaAM«>ttii 

(9) mfa-£X#iW&* 3 00t~Ac, ^+3 0t© 

aire <n - (8) wrtn>H:Km<r>ti&to<omm% 

[0 0 10] (1 0) Htftf*, N : 0. 0 0 

30 2 ~ 0 . 1 % t , T i : 0 . 00 3-0. 6% Nb : 
0. 003 — 0. 5%, V:0. 001 — 0. 5%©1 

miLtzit2m&.±b*s 3&fc£#u a>o, c%s 

0. 05+12X (T i %/4 8+Nb/9 3% + V% 

/2 3-n%/14) Sr«ffci-rt*»«i--*-5ittia 

(i) - o) ©^rfta»KE*©*Att<&tttofci«» 

(11) Hfr^, Mo : 0. 0 1-1%, N 

i : 0 . 0 1 - 5 %, C r : 0 . 0 1 - 3 %, C u : 
0 . 0 1-3%, B : 0 . 0 00 1-0. 0 0 3 %<D 1 
40 «£fcli2*£JLh£, £ 5>lc£*r1-5 r i: ^WSnb^h 

Btria (i) - do) ov^i"n*»ice«©iig*tt«)«ji 

(1 2) »*%T\ REM : 0. 0 0 2-0. 

1%. Ca : 0. 0 0 0 3-0. 0 0 3 %<T) 1 «£fcl4 

(i) - (id ©v*r*ia»fcE«©8fi#©»wfcK 

[0011] 



5 

«*aie*lc*iV^TJE«/^M-t?4i:siM«jStti!IS:|iJ 

i&Sfcfc, ftMUfttrttftC-J-S. . 
[0 0 12] r.tt6)©5*><r~®liv^-fnfc73i7-< h 

ttsUm* 7 5 0ti>?>8 0 0ti: JtlifWffimT-fc >9 £A 

(0 0 1 3l.*»W©«#i:*sailf©KjSli£JlT©a 
(i) 7x?-f F©lfifjSMCi5f»t; 

ibz>toxffi<nmm*. 7*7 4 b^\z-t*>t>4 bi^ft 

mLtcm^mmm^L^^ bftsuuatiit. urn, 

[0 0 14] zoliftmmkb LX\t7*74 bb'< 
-74 bicttm LX7*94 bb^4i~4 KSfctt^vw 
t^4 bb<D®£timi>L<tt'<-74 b. ^4i~4 

/ >*4 b&ftwiLitmmim* u*. ^tn^n 

■C, 7x7^ hfcSfSAS-friawflOISrfrSAci "C 

WT55 o°cyL_k<nm.m^mnm-tz z btf&mvb& 

tO**«^5«»-*Aci ~1 4 5 o'er— gcMS* 
U -tO&KO. 2~8 0t/#tf>#3i|fi£&-?^i&~6 
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[0 0 151&K, Z<DHo\ZLXm(btltcm®L (y=c 

74 bb±*>?4 b tnm^mm stsjpiru-c. *>p 
z<om<owmmM.mt. 7*74 bt-t* ^94 b<n2 
10 ^.■thi^tmT.m^Mmm.mt. a c , urx-hzzt 

Z-k*y*4 bH>WM-t-zm&frbhMx.mMl-iAc t 
&.Tx-i,zzb&m-£ uv> 0 Ld»u aoiaftasft-f-ff 

i:$*6)ti*v^r©J:5'te^*»f>5 5 otWiofi* 

KtJpJR+SlcfcfcoTtt, W,2m&=f-xbtttv9 
4 bZi&g. fc&rWfc; S tf fc ^ fc «> l^ftaaiDMfrXffi 1" 5 

20 [ooi6] Jnxic*j»t5S*S*JiU5M^a 

aS^»«Blc-c# 5 <t 5 fcKJtl" i>Zb tf&mxhZ. 
»lttffii£l> fflbPX K J: -5 fc 5 mSl -tin* # *S§ 

©•❖liiPXfii: LTIil^xfcfci? 3 o%W±(D^:M*P 
JLA^m&mx 1 ~ l 0S*lcJ:o-C5SfJ£ttlcS«S*L 

30 S*iS**s*t-*-if5-i:»ttSISft*«±D-f, »X 

i~2 0 o/tffcsrt^lofc. 
[0 0 17] i^td, ifEroiPXttl^-CfToTt 2'* 

40 raBtPflSri o»«rtimtf, ; ewK^lHl«ii/h$< > 

±ECiJpXlc < };i9JpxB:^|cii®*-C^*ffl/ I e7i7'r h 

^JltJDX»T«, 

[0018] /ilb\ ±fEAPXJC i 5 ii^liS^SrK^ 
»ttli«l*ft5ri:as-e*5^ *PX^ 
50 fr**»fcJ:9, -«BJKS«*«:Bii8t?#*v^«sa!> 
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r ©ff &<Sl&iII4jil£©i4iI^©#iaji|£|.: iottft 
T**>5„ Sfc, ApXB#©S&2*B£|lifC, iWKS-frifc* 

[0019] (2) t ifciattdwaiiM 

:n & ©ssao* w& c Tift**** eat*-* r. t k £ 5 

t i n^t i coftxt&oJtfti^jmjftJtem* 

k j; 9 mm^mmm^^m.-r 5 r.- 1 mjm sn^. 
r.© 4 5 )iM©T i *N©j«mttft*fcttigtt©*/&c 

r t SrJLW Lfc„ T i O&itm-i 1 2 0 0lC«±©ii5fi 

tt«ffl|c^RfeL#5wi^a$ixfc„ S C>tc. Nb^V 
©jpP'bT i © i. 0 t£m\M*>®&\*®&-?%*£^&fc 
<m<nMf8,\z£ 9 -£©3bHI£#.5 z. t 5 r fc fc 

[0 0 2 0] (3) ±|E©»J6iBSK:*sv^-CBEi!E©flM». 
^*&£tf l^°X£Lt£y, a©2lSfift^|CTtT5 w 
t^*©«OSlBift«ia^»#8!L*if*y. a©2ffi 
aflW-e^iDttlCff 9 w & (4, *-.©g*ti a *»6 v (cftKl 

# < f r t Z. t tfZa btiX 

ses«:#-t-2)^ictt«gtt©^W5^*r'>/ < ev>r t 

[0021] ±Ebfcl5<e*J!,lcX-i#, *^©«ffl«i 

ftoHJfcCSSfco^-Cifc"**. Cf4, ^©3SfbSrfT5 
©fctf»*jc*-C?*> 9 0.0 5*»-cHtt-#*5**## 
e»n*v\ ^©^-Wft^o. 7 5%&mz.zt* 
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9, Z-Oi^/iW^bafeSP+^tft**!!, C%^ 
0. 05+12X (T i %/4 8+Nb%/9 3+V% 
/2 3-N%/l4) S i 14, flft 

o. o i%*»o^**-cttt©3b*as*v\ - 

0. 5%£8x.5i, 8l©*ffitt#£»ft:>o 
[0 0 2 2] Mnf4, $©&{fc:}o4im# Afttt£fi± 
$*BE®H«©m^l5riiX(C#< <0Kff»*5G*T?*> 9 , 
10 0. 5%*«TI4+£fc9b*##6;ftfclr\, *© 
#*-ftiiS5%4rexL5t»©J0XttSr^{l2^*5 o .N 

i4, t i kmvto*j&&^ f-xr-t-j vommtio 

^^©XPBSrO. 1%, TH£0. 0 0 2%it5. 

^m<r>mnm^c%^ o. os + nx (t i % 

/48+Nb%/9 3+V%/2 3-N%/l 4) 
20 [00 2 3] Ti> Nb, V(4, ££tt<DtRiMbi:«fH 
©#»b©^i*{4®l : /«c © -eUHt * *ft v *ms x 

i : 0. 6%, Nb : 0. 5%, V : 0. 5%k-?Z>» 
-?:©^iP*©TI8SrT i : 0. 0 0 3%, Nb : 
0. 0 0 3%, V: 0. 0 0 l%t1"S©l4, 

^*-ftt©H«C%^0. 05 + 12X (Ti%/4 8 
30 +Nb%/9 3+V%/2 3-N%/l 4) *mi?t& 

[0024] Cu, Ni, Ct, Mo, BI4, VTftfc 
g3©&Afttt£ft±£-tiT55c3f-?fet>, *«?q©»^, 
Ztoffilmzi. 9ii©»fi4riS!*5r £#T?#.5„ LA» 

0. 0 1%^Cu^3%, 0. 0 1%^Ni^5%, 
0. 0 1%^Cr^3%, 0. 0 1%^Mo^l%, 
0. 000 1%^BS0. 0 0 3%|r|5g5g-f 5„ Cu, 
Ni, Cr, Mo©-£ivetv©TPB£0. 0 1%, B© 
40 TPSSr 0 . 0 0 0 1 % b Lfc©f4^ft*?ST'l4$*#& 

[0 0 2 5] REM, Cal4, S ©*IS{LlcW^)r-fc -5 

iPI4?5H42ra'i5fc*REM|co^-t:j4 0. 0 0 2~ 
0. 10%, C a (£01^X14 0. 0003~0. 003 
%lcpg^-f5„ /£*J, A 1(4, Ifcg&TcSffc LTSS*P$ 

n, #fc**L<ev^. o. o o i %*ii©^fiTi4 
*©&£#£<, 0. l%Sr^x5i, ^©*Bt4^* 
o. ooi~o. i%©©ffl-c^Jp$ 
50 n5ct*#*Lv^. -e©te, *^ii«**e*ij-e*>5 
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P. S©^#4f4*ix.p4x0. 0 2%£IT, 0. 008 
%«Ttt5ri:^ Sfc> O:0. 0 0 0 5-0. 0 
0 2 %<OVm tU Z r : 0. 001-0. 3%. T 
a:0. 001~0. 3%, Hf : 0. 0 0 1-0. 3 

[0 0 2 6] *»Wlt*JJt5»it*ft : ^#^-C* 

«»*^TS*fcat?5 5 Ot-Ao liJOjfet, 
if^?!?^ h©ftl$Wi£S.£±C£ii:5;!]PX£?T 

-Ac, +3 0"C©|fiBBTrff5** 0BWW2KHi-S 
#«5) #*>9, TU ^AjsJiViEX^ASraijEicMII 

[0 0 2 7] m*« 1 l^i-*jfe©»*^H:, W#>S 1 
tL< (4«*3S 10-12 \C7jptm&, -RftW-fZ r 

-S6 0 0WrolI*T'ftaL > a«f©*BfRt>L< 
IS&glOfc 3 1^1-0. l~5 0t/8>©ft 
j&bPiitCioT, Ac, WT5 5 0°CW±roaSl'S*P 
fit-, Ac, «T5 5 0 < CW±roa«T*l^raffiffi4rfT? 
KBRL-C, — &©8ftWEE3ffi©5 *k 1/-?*©HT^£3 
0%W±i L"C, l^x*fc{4^xra^WSr 1 0#J£trt 
t LfcIit5 2^£li»)IIIrA.c, HT5 5 0t 
«X©figa>oJB£©MiI*£0. 1-2 0 0/^t 
U l K±l 0«Tt*4*#Tf»IBEESE 

[0 0 2 8] mfflfcM'&ti, #fc«£LfeVvJJ, «t^t 

~6 0 01C©1S$T0. 2 < C/f}>~8 0X./mXY<F> 

t> t < *mmEK£& ic» e * fc km** 7 i it n 

«[*5l8»c*-t-Wtl**!ia*43r/j:3. *fc. -^co^^ 
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